Abstract. In June of 2007, West Nile virus (WNV) was detected in sentinel chickens and blood donors in Puerto Rico, where dengue virus (DENV) is hyperendemic. Enhanced human surveillance for acute febrile illness (AFI) began in eastern Puerto Rico on July 1, 2007. Healthcare providers submitted specimens from AFI cases for WNV and DENV virology and serology testing. Over 6 months, 385 specimens were received from 282 cases; 115 (41%) specimens were DENV laboratorypositive, 86 (31%) specimens were laboratory-indeterminate, and 32 (11%) specimens were laboratory-negative for WNV and DENV. One WNV infection was detected by anti-WNV immunoglobulin M (IgM) antibody and confirmed by a plaque reduction neutralization test. DENV and WNV infections could not be differentiated in 27 cases (10%). During a period of active WNV transmission, enhanced human surveillance identified one case of symptomatic WNV infection. Improved diagnostic methods are needed to allow differentiation of WNV and DENV in dengue-endemic regions.
INTRODUCTION
West Nile virus (WNV) is a mosquito-borne arbovirus that is amplified in an enzootic cycle involving birds; humans, horses, and other mammals are thought to be dead-end incidental hosts. In the United States, WNV was first detected in humans during an encephalitis outbreak in New York City in 1999. 1 The recent emergence of WNV throughout the Americas is thought to be a result of bird migration patterns. 2 As of 2007, WNV had been reported in 16 countries in Latin America and the Caribbean 3, 4 ; however, few cases of human WNV disease have been reported. 5 Surveillance for human WNV disease in Puerto Rico began in late 2002, when the Puerto Rico Department of Health (PRDH) and Centers for Disease Control and Prevention (CDC) Dengue Branch established a passive surveillance system for neuroinvasive WNV disease defined initially as febrile patients hospitalized with encephalitis, meningoencephalitis, acute flaccid paralysis, or Guillain-Barré syndrome as well as all cases of aseptic meningitis in adults 18 years old or older. Reporting criteria were expanded to include pediatric aseptic meningitis cases in June of 2004 after an aseptic meningitis outbreak. To report a suspected case, healthcare providers submit a WNV case report form (WCRF) and a serum and/ or cerebrospinal fluid (CSF) specimen to the Dengue Branch for free diagnostic testing, including reverse transcriptasepolymerase chain reaction (RT-PCR) for WNV and dengue virus (DENV) for all acute specimens and DENV and WNV immunoglobulin M (IgM) antibody capture enzyme-linked immunosorbent assay (MAC-ELISA) for all convalescent specimens. From January 1, 2003 to December 31, 2006, no laboratory-positive human cases were detected among the 548 suspected cases reported.
WNV transmission in animals was first identified in Puerto Rico in 2004, when WNV-specific IgG antibody was detected in a free-ranging resident bird 6 and three asymptomatic, unvaccinated horses (CDC, unpublished data). In July of 2006, the CDC implemented a sentinel chicken surveillance in the municipalities of Ceiba and Naguabo (US county equivalent) in eastern Puerto Rico to detect and monitor WNV transmission. 7, 8 In June of 2007, a plaque reduction neutralization test (PRNT) showed the presence of specific WNV neutralizing antibodies in the sentinel chickens, indicating active WNV transmission in Puerto Rico. 7 Simultaneously, WNV nucleic acid was detected by RT-PCR in mosquitoes in the same area. 7 In September of 2007, WNV was identified by RT-PCR in post-mortem brain tissue taken from an encephalitic horse and viral isolation from a dead falcon, which confirmed enzootic WNV transmission in Puerto Rico. 3, 8 On July 19, 2007, the American Red Cross in Puerto Rico notified the PRDH of three blood donations that had tested positive in a screening WNV nucleic acid amplification test. 3 A letter was sent by PRDH to all healthcare providers in Puerto Rico informing them about the positive donations and sentinel chickens. The letter encouraged reporting and submission of diagnostic specimens from all suspected human cases of WNV disease. However, because passive surveillance efforts had not detected any cases, PRDH and CDC began an enhanced active surveillance for WNV disease in eastern Puerto Rico.
This report describes the results from the enhanced surveillance conducted from July 1 to December 31, 2007. We discuss the diagnostic challenges of identifying WNV infection in a dengue-endemic region.
METHODS
Enhanced surveillance. Study population. The objective of the enhanced human surveillance was to determine the proportion of human WNV infection from acute febrile illness (AFI) cases in an area with active WNV enzootic transmission and hyperendemic human dengue transmission. Enhanced human surveillance was implemented during the first week of July in 2007 in the municipalities of Ceiba, Naguabo, Humacao, and Fajardo-the area surrounding the site where the sentinel chickens seroconverted (Figure 1 ). According to 2000 US Census data, the total population of these four municipalities was 141,504, and the median age of the residents was 31.3 years. The area has four hospitals (total bed capacity of 651) and four outpatient health clinics. An AFI was defined by the presence of increased body temperature of at least 37.7 C during the healthcare visit or a history of fever lasting no more than 7 days.
Enhanced surveillance procedures. Onsite educational seminars were held at the area's hospitals and outpatient facilities to inform providers about WNV and the enhanced surveillance. Surveillance case criteria, WNV fact sheets, and reporting instructions were distributed. Staff members at the healthcare facilities were trained on how to fill out the WCRF and asked to give patients a reminder sheet to return to the hospital for convalescent specimen collection.
Specimens and WCRFs were transported to the CDC Dengue Branch several times per week for testing. The data were entered into a database, and phone calls were made to providers who submitted forms that were missing symptom onset or specimen collection dates. Specimens missing this information could not be classified as acute or convalescent, and therefore, they were not tested.
Laboratory testing. Acute specimens were tested for DENV and WNV by RT-PCR. 9, 10 Acute and convalescent specimens were tested for the presence of IgM antibodies to DENV and WNV using MAC-ELISA. 11 Specimens with cross-reactivity against DENV and WNV antigen in the MAC-ELISA were tested by PRNT 90 . When the PRNT 90 yielded indeterminate results because of reactivity of more than two viruses (i.e., DENV-1, -2, -3, or -4, St. Louis Encephalitis virus [SLEV], or WNV), a PRNT 90 IgG depletion assay was used to determine the infecting virus. 12 Laboratory definitions. A laboratory-positive WNV case was defined as a case with any of the following four findings: detection of WNV nucleic acid in a specimen by RT-PCR, WNV IgM seroconversion from negative to positive by anti-WNV MAC-ELISA in paired specimens, a positive anti-WNV MAC-ELISA in a single specimen with a negative anti-DENV MAC-ELISA, or a PRNT 90 (or PRNT 90 IgG depletion assay) with a WNV titer at least four times higher than the titer of any of the four DENV types or SLEV.
A laboratory-positive dengue case was defined by any of the following three findings: detection of DENV nucleic acid in a specimen by RT-PCR, DENV IgM seroconversion from negative to positive by anti-DENV MAC-ELISA in paired specimens, or a positive anti-DENV MAC-ELISA in a single specimen with a negative anti-WNV MAC-ELISA.
Laboratory-negative cases were defined as cases in which there was a negative anti-WNV and anti-DENV MAC-ELISA result in the convalescent specimen and either no acute specimen was submitted for diagnostic testing or the acute specimen tested negative by RT-PCR and MAC-ELISA against WNV and DENV.
Laboratory-indeterminate cases were defined as cases in which there was a negative anti-WNV and anti-DENV MAC-ELISA result in the acute specimen and no convalescent specimen was submitted for diagnostic testing.
Undifferentiated flavivirus infection was defined by the presence of all of the following findings: positive anti-WNV and anti-DENV MAC-ELISA in the acute or convalescent specimen with equal reactivity, negative RT-PCR for DENV and WNV in the acute specimen, and a PRNT 90 (or PRNT 90 IgG depletion assay) with equal reactivity across all five viruses.
Data analysis. A descriptive analysis was performed by calculating the frequencies of the clinical, demographic, and laboratory features of all reported cases. Statistical differences were determined with the χ 2 and Fischer's exact tests when applicable. Furthermore, the Wilcoxon rank sum test was used to assess statistical differences in median values of nonparametric variables between groups. All data analyses were conducted using STATA 10.1 (StataCorp, College Station, TX) and SAS 9.2 software (SAS Institute Inc., Cary, NC).
RESULTS
A total of 282 cases was reported over 6 months (Figure 2) , with a peak during the first week of October (28 cases). The median age was 22 years, and 50% were female (Table 1) . Laboratory-negative patients were more likely to be older and female, whereas undifferentiated case-patients tended to be younger and male. Most patients were residents of Fajardo (125 cases, 30.7 cases per 10,000 residents), although Humacao (42 cases, 7.1 cases per 10,000 residents) had the largest population.
The most common symptoms reported were headache, body ache, and joint pain ( Table 2 ). Convulsions were observed in two cases: one laboratory-negative and one DENV infection confirmed by PRNT 90 . No other neurological manifestation was reported. In contrast, nearly one-third (86, 31%) of all patients reported a hemorrhagic manifestation, most commonly petechiae (46, 16%). Most patients (213, 76%) met the World Health Organization case criteria 13 for dengue fever, and one patient met criteria for dengue hemorrhagic fever. More than one-third of the patients (105, 37%) were hospitalized; there were no reported fatalities.
A total of 385 serum specimens was received from 282 cases; of these specimens, 51 (18%) were paired specimens. No CSF specimens were submitted, and most (73%) were acute specimens. The specimens of 21 (7%) cases were not processed because of inadequate volume or missing WCRF information.
Of 282 reported cases, 115 (41%) cases were laboratorypositive for DENV (Table 3) . Most (71, 62%) were RT-PCRpositive; 59 (83%) cases were DENV-3, 9 (13%) cases were DENV-2, 2 (3%) cases were DENV-1, and 1 (1%) cases was DENV-4. Of the RT-PCR-positive cases, 17 (24%) cases had anti-DENV IgM antibodies detected. No WNV-positive specimens were identified by RT-PCR; 28 (24%) of 115 laboratorypositive dengue cases had a positive anti-DENV IgM antibody in a single convalescent serum specimen with no anti-WNV IgM antibody detected. Of the remaining 16 laboratorypositive dengue cases, 4 cases had anti-DENV IgM antibody seroconversion in paired specimens, and 12 cases were initially undifferentiated before PRNT 90 confirmed a recent DENV infection. Thirty-two (11%) patients were laboratory-negative for WNV and DENV. Eighty-six (31%) patients were laboratoryindeterminate because of a lack of a convalescent specimen. Anti-DENV and anti-WNV IgM antibody had equal reactivity by MAC-ELISA in 39 (14%) specimens; all 39 cases were RT-PCR-negative for DENV and WNV. Of these cases, 12 (31%) cases were diagnosed as having a recent DENV infection by a PRNT 90 IgG depletion assay; however, 27 (69%) cases could not be differentiated as DENV or WNV infection by PRNT 90 testing and were classified as undifferentiated flavivirus infections.
Only one patient was given a serologic diagnosis of WNV. The patient was a 37-year-old pregnant woman who presented to her healthcare provider on the first day of illness with fever and complaints of myalgia, nausea, diarrhea, cough, and nasal congestion. Paired serum specimens were obtained on days 1 and 99 after symptom onset. The acute specimen was RT-PCR-negative for DENV and WNV; however, a positive result was obtained for anti-WNV IgM antibodies with a negative anti-DENV IgM antibody. PRNT 90 results showed reactivity to WNV at a titer of 1:64 and no reactivity to DENV or SLEV. The convalescent-phase serum specimen was negative for both anti-DENV and anti-WNV IgM antibodies.
Among the laboratory-positive dengue patients, headache was the most commonly reported symptom (95, 83%) followed by body aches (92, 80%) ( Table 2 ). Eye pain was much Table 1 Characteristics of suspected WNV cases categorized by final laboratory results WEST NILE VIRUS SURVEILLANCE IN A DENGUE-ENDEMIC AREA more commonly reported among laboratory-positive patients than patients with laboratory-negative or undifferentiated diagnoses. Rash was reported by 40% of laboratory-positive dengue patients compared with 22% of laboratory-negative patients, 29% of laboratory-indeterminate patients, and 56% of undifferentiated patients. Hospitalization was most common among patients with undifferentiated disease (59%) followed by laboratory-positive (46%), -negative (38%), and -indeterminate (21%) patients. Laboratory-positive patients were most likely to fit the case definition for dengue fever.
DISCUSSION
Our results highlight the difficulty in confirming a WNV case in a dengue-endemic area. Additionally, although we were able to confirm that 103 of 282 cases (~37%) had dengue using standard diagnostic assays, 12 additional cases ultimately diagnosed with dengue were equally reactive to anti-DENV and anti-WNV IgM by MAC-ELISA and required additional testing. Laboratory confirmation of WNV infection often depends on serologic assays, because WNV is often undetectable by RT-PCR while the patient is symptomatic. 14, 15 Cross-reactivity between flavivirus antigens varies by the infecting flavivirus and the history of prior infection. 16 For this reason, CDC testing guidelines for WNV suggest that MAC-ELISA be performed using antigens for WNV and SLEV or WNV and DENV in dengue-endemic areas. 17 If MAC-ELISA results against these viruses are similar, PRNT is recommended for confirmatory testing. However, PRNT assays are labor-and resource-intensive, and they are more accurate in determining the infecting virus in patients with a primary flavivirus infection than patients with secondary infections. 14, 18 Presumably, through original antigenic sin, an acute WNV infection in patients with prior dengue infection may result in higher titers of neutralizing antibody titer against dengue than WNV. Thus, this testing guideline is problematic for dengue-endemic areas with a high proportion of secondary infections. Additionally, as our results illustrate, some cases will remain undifferentiated flavivirus infections even after PRNT 90 and PRNT 90 IgG depletion assays are performed. Notably, our laboratory-positive WNV patient was serologically diagnosed. However, the patient had no travel history outside Puerto Rico in the 2 weeks before her illness, spent most of her life in the continental United States (except for the previous 2 years), and no evidence of prior dengue infection. The clinical diagnosis of non-neuroinvasive WNV disease is difficult in dengue-endemic areas because of the similar clinical presentations of the two viruses. 15, 19 Both WNV and DENV can cause neuroinvasive disease. 17, 18, [20] [21] [22] [23] [24] Some researchers have hypothesized that dengue endemicity might eventually produce sufficient cross-protective immunity to modulate WNV disease, resulting in a less severe clinical syndrome and making WNV difficult to detect in dengue-endemic countries. 19, 25 These factors may explain why few cases of human WNV disease have been detected in Latin America and the Caribbean. 5, 19 Dengue has been endemic in Puerto Rico for more than four decades, with large epidemics every 3-5 years [26] [27] [28] [29] resulting in high seropositivity among adolescents and adults. 30 In 2007, WNV was detected in sentinel chickens in the same month as an island-wide dengue epidemic involving all four DENV types. 29 Thus, it was not surprising that 41% of cases were laboratory-positive for DENV, because the laboratorypositivity rate for island-wide surveillance ranged from 30% to 40%. 29 Limitations. There are three main limitations to our study. Underreporting is inherent when relying on provider-initiated requests for testing. Additionally, although patients were educated and reminded to return for convalescent specimen collection, few did so, resulting in numerous laboratory-indeterminate cases. Finally, because dengue is endemic in Puerto Rico and there was an island-wide outbreak in 2007, WNV diagnosis may have been more difficult.
Conclusions. During a period of active epizoonotic WNV transmission in a dengue-endemic area, enhanced surveillance detected only one case of symptomatic WNV infection in a patient without prior DENV infection. Using standard methods, it was not possible to distinguish between WNV and DENV infections in 27 of 282 cases because of serological cross-reactivity. In dengue-endemic areas, WNV disease may be difficult to detect and diagnose because of similar clinical presentations and cross-reactivity on diagnostic tests. Improved diagnostic methods are needed to allow differentiation of WNV and DENV during emergence of WNV in dengue-endemic regions.
